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obsmmd comklound comes frm the tkrget. This result is int~r!weted in

terms of low enmgy ion im!llant.ation in the targ~t. Thwmtical Monte

Carlo calculations for ion ranges in solids arc USWI to supnort a model

to describ~ these findings. The individu~l diff(’renc(’~. in the t.~sults

b(’twcrn mwnonio ant! mel.hnn(’ ar~ ~xl]lorcd in terms of th~ diff(~rcnt

Mhavior of th[’ pliIsrIir targ(’t in!.rraction during ga:, introduction r~ll.~rr

Ih(ill on a rhmi(.irl r-”~aclivily basis. A c(mn(’ctinn h(~twr(’r ratldv 1~11

~(Il14!I(I dn(l [argot phy:lick i:l prOIXVl(Vl in ;(’rrm 01 [IN* ion rdnqr’; irl tll(’

t{ll(lvt (1IMI tlN* [’II i( i(vl(”.y of (“(mrqmmd pr(MhJ( I iorl.
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remaining voltage, the cathode fall voltage, to be available for t?e

bombarding ions. If the targ~t voltage i. % 400 volts, then the cathod~

fall voltage is on this ord~r of magnitud~. LOW energy ion implantation

simulation studies show that nitrogen and carbon can p?netrate U.5 to

3.5 nm. If tne s;~wtter rate is not too high, it is possible to intro-

duce the reactiv(’ gas and quench th~ plasmn before enough of the tt?rgct

nmtwriiil is eroded to cause Ligni;ici]nt. deposil. to arriv[’ at the

sullstrdt.(’. 11 d fiduciary m~rk(~r is d(”p’~ii(d 011 t.lw suhstriltr al thi$

tinw, Lh(vl 111(’ spull.w-inq rrsum(d in ar~oll onl~ , thf’ rrm{.ining compo:md. . . .. - -

iII lh(l ?il~(j;~t wi i i ~plwwr 011 I.hr trnil in;] sid(’ of I.ho ulnrk(’r..
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the compound is thought to originate at th~ target. The majority of the

energy available for compound fomlatinn is ,tvailabl~ .)t thu tnrqet due

tc the cathode fall voltage. This voltagt’ is significant enough to

produce several layers of the conqmurld duo to th~ low energy ion implan-

tation. The remaining problem is the sput.t.ering of th~ compouna without

dissociation. This is a s(* lrat~ qu~stion in it%~lf, and kill not b~

addrl~ssed I:vr(>. Howpver, it is cleilr that if thr tary(’t surfacr is not

fully l-( ’vl’rl’d Ey C(lmpoullcl, thrrl fr~’(} n](~till is irlmost. (:(’rt.ilirlly to hr

slxltlor.{vl.

Hoi-c nt:.vntly, ~ mjIIIIM,~ l)f iiulhorv, hdvr irdicd[d lhdt d lilrq(.1 not

furiy f(w*I.(’d IJJ’ ((ll!il~(llll’1(1 d(u.”. 1( ’1:(1 to film”. lIIdl drt’

?.il
M,llliv dn(l W(*’, IW(I()(I lour.d thl Iilnr. ol Alj,():l

(]xidit[d il Ilv. oxy(lf’rl p(]I”l idl I)I”(Ih~.iIn* wl!~. in~uffi(

oxidize Lhr td~iJ(’t.. R. H. Vtirl Dowr!’ ot..al. found ,]n

01 NI)N I I lm#, II IIrt’ c,pul tf’l- rlll(’ wgl”. II(I[ nldl(:h(’(! wil



stoichiometr-y. Other work by Aita and Myersc on the deposition of Ta’i

using Glow Discharge Mass Spectromrtry (GDMS) find a significant frac-

tion of TaN+ in addition to Ta+ arriving at ihe substrate. The

substrat~ bias appears to change th~ ratio of Ta+ to TaN+, but .:he trend

is toward an increasing amcwnt of observed TaH+ with increasing partial

pressure of ti2. Other GDM$ results on copp~r oxides by purdes et.al.9

10
,Ind laIIhIlum oxides by Bolker C1.al. find thal the free Ta+ signalc

h.cw very Slllilll whori qoml TF703 filw iJrc bring drpositrcl.
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‘“3 ‘
CO, and CH4 were chosen because o. their low cht”misorption on

atomically clean aluminm suriaces. ‘2 An orbitor magnetron was used as

the sputter source. The typical drqon pressure turing operation was

w().7 Pa. Aluminum was deposited to a thicknpss of % 15(1 nm and then a

pulse of gas was introduced for ~ period ol 0.?5-2 seconds. At the end

of this prriod, the g~~s and tbe powpr supply wer~ simultaneously cut

off . Th~ vacuum systwu wi.rs then pury(’d of thr arg(m/reactive gas, and m

rrmrh(’r 01 cu[ywl- was cleposit~wl (m Lh(” suhstr,?!c to n thickn(’~”. of

~. 70 ml:. “I%(c sysl.cm wtl% iillmi with argon, an(’ sputtering r(~sum(~cl.

Tlli:. s(’1 of ((m(lil. ions WIIS I“rpwl(’d f(}~. Lhr(’(i Lotcll cycles in (’ach

l’Xpf ’rilll(’l}i . ltw rmctivity 01 (w(h gas was aiso checkrd !Jy introducing

,1 p,lrlicul,lr c,p(u ios without t.ht) zpul If’r disclhlr!lv fqwrdl inq. 111 {’II(:I)

(.ils(’ . t.h[’rf’ wt)~ rul (’vid(’ru.r ;~l I.11(1 rli!fm!if’rl or cdthm ‘Ip(v.i (.: l(mn(l ill

th(’ 1 ilnw on (’il.h(’r flidv 01 III(* mdl.1u.1.. Thu’. . i! i’, rmf.(}rl(ll~l.y c~~).ll~ill

Ihdt. dny 01 ~hv rlcm~nl:i nmlwrmi by Atigor llop?-h Prol i lin!j drr dur to

lhl’ pld’.lnll 01. I.1lrg(’1 Plfl’t [%.



position of the substrate gave a deposition r~te of z 2 nm/sec. In the

case of the CO and CH4, tht operating voltage of the power supply, and,

therefor~, the plasma conditions remain essentially constant. The

nitroryn introduction causes the power supply to drop to ~ 2?5 volts,

and t!le annnonia causes the pow!’r sapply to drop to “. 200 volts. Thus ,

the enorg.v lwr at~l 3US1 be computed baswl on tt:~ observed voltay.

1{1’1111I!* Mill I) IS(IISSI(X



Thus , as the sp~tt~ring proc(’ss co~tinu~s during tne implantation

process, some of the surface will be removed during the gas

introduction. If there ar~ % 2.5 Y 10+15 atoms per ‘layer, and assuming

a current density of 11 ma, and a ~putter yield of % 0.4 atoms per argon

atom, the etch rate of the target is R. 13 layers/see or about

5.4 nm/sPc. It is clear that durinc tht’ doping process, the surfac~ is

being eroded away at dt’pths in PXC, .s ot th~ implant depth. Thlls, it is

inlpossible tG dop~ th(l l~rgut wilhcmt some o~ the coinpound brina

sputtered tc th(. suh~tral(”, unless vel-y short t’xposur-(’ t!mvs ,Irr usw-f.

Since detectability depends m: thf total currprtt, i.e. dose, a

cm(lpromis[’ must he mdff(’. A> cl r(’suit, sever~l exp~rim{~nts w(~rr

l’(’~’io~l~d with each qd~, ~1~,111(1 th(, il~!rrw!uction times of 0.5, 1 and ?

~(”conds. As tiw tim(’s arr inert’ased, tll(’ mount of cllrlJol,/’~ilrl~!]erl on

th(i :.ul~:.tr~t(’/gl(mr sict(’ }.IIIw1(I in(.rws(’ wi~h (h,]ng(’:. ott th(h t,lrgc~t. f,id(l

reflecting the depth/dose chdracter.



versus the erosion rat! . The methane, however, is exactly revers~d.

The amount of carbon frrm the targ~t side is always gr~ater tha~ on the

substrate side for th~s~ experiments. This result is consistent with an

imp?al)t depth that is ~ twic~ the range from the rarton monoxide.

The nitrogen and armmnia experiments give essentially the same

results . This is du~ to th(’ fact that th~ powr supply voltage is lnw~r

fo~- thF anm’ronia thdn for t.h(’ nitrogel

the various comporwts, the kinetic

thu same. Thus, the r~ng~ of the n

saint} for both of the rtitrcgens. The

. Aft(’r p~rtil~onirq I.hc rnrrgy to

energy ppr nitrogen is pssen+ially

troqen ir} the tar!l~t should be the

ranq~ calculations for th(’ nitrogen

The requll;. @f these cxp~riuwnts arc> consist~rlt with a p:ct.ur(~ o.,

~(h,](:t.iv(t >l)~jt.~(,ri rq th~ll. l)l’(l(k (’(’!. I.hl’ cnrl!p(qIIId ill tll(, LclrxyIl whi(-h i~

c,ul~’,I*qIIwf Iv :,[1:11 lPr (I(yl(}’.il(vl lil {II(I I.IIll:,LrlIl t..



portion of carbw frcm thr t.arqet. The r}itroyt’n and amnonia rps~llts

were similar ill nature (IULB to the reduced voltagr from the sputter pow~r

supply. The rezults ar~ still cms.istent with th~ targ~-i kwing doped,

in that the nitrogen ranges in th(’ tdrqot arr ~<sl’r’tial’ly identical.

1[’
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Figure 1. ThP ion range distribution for carbon rrronoxidr is shown. II

is assumrd that tlw molecules dissociate on impacl with the suhst.rirte,

and each atom procwds on its own. The fraction of th~ enrrqy aiv~n to

t.hc carbon atom is (1?/7[!) 0.4i’ or ~ 160 v(llts. Thr surfdce peal. is

:}bt aim’(1 t.hrouqh t.h(’ usc of (a surftl cl’ trdp. A’l low (BnPr!Iv ion:. ,Itt(wq)l

10 r\(ltlN* into III(I vdcuum, llif’V (IIH 1~1. dff(’(1(’(1 I)j SU(h Ior([”. c!{:

bondi’l!l, v[ln dmr WdJl:., or work fufu I ion f-ff[’( t’. . I iqurr:, 1)-(1 \h(lw III(’

!-ylli(”c]l cl(qltt; l~rol il(”. lot” III(’ (“,~rlu:ll 011 [.11(’ \ut)!. il”lltf’ 011(1 ICilq{’t !DI(l(’

d~ d lu[.[-l ion of’ (I(M(’.
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Figure 4. Ilw amnonia prof i lrI is computed bclsc(l (In th(I r(’du~(’d catho(ll”

fall voltagr of 200 volts. Tho mnss partition 10 t.hr nitrog(in (14/17)

to 0.87 giv~< w 1[.5 volts to tho nitrugrn. Thi\ energy- i:. similar to

th(’ nitroqcn, and giv(’s similal. profil(’ r(’shlt:l shown in b-l.

14
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